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&RQVWUXFWLQJDFRUSXVLQIRUPHGOLVWRI$UDELFIRUPXODLFVHTXHQFHV$U)6V
IRUODQJXDJHSHGDJRJ\DQGWHFKQRORJ\ 
 
$\PDQ$OJKDPGLDQG(ULF$WZHOO 
8PP$O4XUD8QLYHUVLW\_8QLYHUVLW\RI/HHGV 
 
7KLVVWXG\DLPVWRFRQVWUXFWDFRUSXVLQIRUPHGOLVWRI$UDELF)RUPXODLF6HTXHQFHV$U)6VIRUXVHLQ
ODQJXDJHSHGDJRJ\/3DQG1DWXUDO/DQJXDJH3URFHVVLQJ1/3DSSOLFDWLRQV$K\EULGPL[HG
PHWKRGVPRGHOZDVDGRSWHGIRUH[WUDFWLQJ$U)6VIURPDFRUSXVWKDWFRPELQHGDXWRPDWLFDQGPDQXDO
H[WUDFWLQJPHWKRGVEDVHGRQZHOOHVWDEOLVKHGTXDQWLWDWLYHDQGTXDOLWDWLYHFULWHULDWKDWDUHUHOHYDQW
IURPWKHSHUVSHFWLYHRI/3DQG1/37KHSHGDJRJLFDOLPSOLFDWLRQVRIWKLVOLVWDUHH[DPLQHGWR
IDFLOLWDWHWKHLQFOXVLRQRI$U)6VLQWKHSURFHVVRIOHDUQLQJDQGWHDFKLQJ$UDELFSDUWLFXODUO\IRUQRQ
QDWLYHVSHDNHUV7KHFRPSXWDWLRQDOLPSOLFDWLRQVRIWKH$U)6VOLVWDUHUHODWHGWRWKHNH\UROHRIWKH
$U)6VDVDQRYHOODQJXDJHUHVRXUFHLQWKHLPSURYHPHQWRIYDULRXV$UDELF1/3WDVNV 
 
.H\ZRUGVOH[LFDOUHVRXUFHV$UDELFIRUPXODLFVHTXHQFHVPXOWLZRUGH[SUHVVLRQVODQJXDJHSHGDJRJ\
PL[HGPHWKRGV 
 
 
,QWURGXFWLRQ 
 
7KHSKHQRPHQRQRIPXOWLZRUGH[SUHVVLRQV0:(VLQKXPDQODQJXDJHKDVDWWUDFWHGWKHDWWHQWLRQRI
UHVHDUFKHUVLQYDULRXVODQJXDJHUHODWHGGLVFLSOLQHVHJOLQJXLVWLFVSV\FKRORJ\ODQJXDJHSHGDJRJ\/3
DQG1DWXUDO/DQJXDJH3URFHVVLQJ1/3+HQFHWKLVSKHQRPHQRQKDVEHHQUHVHDUFKHGIURPDQXPEHU
RIGLIIHUHQWVFLHQWLILFDQJOHV$FRQVLGHUDEOHDPRXQWRIUHVHDUFKKDVHYLGHQFHGWKHPDMRUUROHRI0:(V
LQWKHSURFHVVRIDQDO\VLQJOHDUQLQJDQGXQGHUVWDQGLQJODQJXDJHV)URPDOLQJXLVWLFSHUVSHFWLYHPDQ\
VWXGLHVKDYHHPSKDVLVHGWKHFUXFLDOLPSRUWDQFHRILQFOXGLQJIRUPXODLFODQJXDJHDQG0:(VLQVHFRQG
ODQJXDJHOHDUQLQJDQGWHDFKLQJ6HYHUDOUHVHDUFKHUVKDYHKLJKOLJKWHGWKHIDFWWKDWWKHPHQWDOOH[LFRQ
LVQRWPHUHO\ UHSUHVHQWHGE\VLQJOHRUWKRJUDSKLFZRUGVEXW UDWKHU LW LQFRUSRUDWHV ORQJHU IRUPXODLF
VHTXHQFHV)6VHJ3DZOH\	6\GHU.MHOOPHU:UD\2WKHUUHVHDUFKHUVKDYH
DWWHPSWHGWRGHYHORS0:(VOLVWVZKLFKFDQEHXVHGDVDSHGDJRJLFDOWRROLQODQJXDJHWHDFKLQJDQG
OHDUQLQJHJPDWHULDOGHVLJQFXUULFXOXPGHYHORSPHQWVDQGODQJXDJHWHVWLQJ2QWKHRWKHUKDQGIURP
DFRPSXWDWLRQDOSHUVSHFWLYH0:(VSOD\DYLWDOUROHLQ1/3DQGPDQ\UHVHDUFKHUVKDYHDWWHPSWHGWR
FRQVWUXFWYDULRXVW\SHVRI0:(VUHSRVLWRULHVLQRUGHUWRLQWHJUDWHWKHPLQWKHGHYHORSPHQWRIYDULRXV
1/3VRIWZDUHV\VWHPVHJ0:(VLGHQWLILFDWLRQDQGH[WUDFWLRQODQJXDJH3DUWRI6SHHFKWDJJLQJDQG
SDUVLQJLQIRUPDWLRQUHWULHYDODQGQDPHGHQWLW\UHFRJQLWLRQ 
7KHYDVWPDMRULW\RIUHVHDUFKLQWKLVDUHDKDVEHHQFRQGXFWHGZLWKWKH(QJOLVKODQJXDJHEHFDXVH
RIWKHLQWHUHVWLQDQGGHPDQGIRU(QJOLVKODQJXDJHWHDFKLQJDQGWKHULFKDYDLODELOLW\RIIUHHDFFHVV
(QJOLVKODQJXDJHUHVRXUFHV5HFHQWO\$UDELFKDVUHFHLYHGLQFUHDVLQJDWWHQWLRQIURPUHVHDUFKHUVIURP
GLIIHUHQWDOEHLWUHODWHGGLVFLSOLQHV+RZHYHULQFRPSDULVRQWR(QJOLVK$UDELF0:(VUHVHDUFKLVVWLOO
DWDQHDUO\VWDJH7KHNH\UROHRIIRUPXODLFODQJXDJHDQG0:(VUHVRXUFHVLQ/3DQG1/3DQGWKHODFN
RIIUHHDFFHVVWR$UDELF0:(VOH[LFDOUHVRXUFHVDUHGULYHUVIRUUHVHDUFKRQFRQVWUXFWLQJDQ$UDELF
FRUSXVLQIRUPHG0:(VOLVWIRU/3 
7KHPDLQREMHFWLYHVRIRXUVWXG\DUHWZRIROG 
 
i. $ JXLGH IRU$UDELF ODQJXDJH OHDUQHUV DQG HGXFDWRUV WR LQFOXGH$U)6V LQ WKHLU OHDUQLQJ DQG
WHDFKLQJSDUWLFXODUO\IRUQRQQDWLYHVSHDNHUOHDUQHUV 
ii. $ FRPSUHKHQVLYH FRPSXWDWLRQDO FRUSXVLQIRUPHG $U)6V OH[LFDO UHVRXUFH ZKLFK FDQ EH
LQFRUSRUDWHGLQWRYDULRXV$UDELF1/3DSSOLFDWLRQV 
 
,QWKLVSDSHUZHUHSRUWRQHPSLULFDOUHVHDUFKWRGHYHORSDQGDSSO\DK\EULGPRGHOIRUH[WUDFWLQJ$U)6V
IURPDFRUSXV7KHSDSHULVRUJDQL]HGDVIROORZV6HFWLRQGLVFXVVHVGHILQLWLRQVRI)6VDQGUHODWHG
ZRUNIURPWKHOLQJXLVWLFDQGFRPSXWDWLRQDOSHUVSHFWLYHV6HFWLRQSUHVHQWVWKHHPSLULFDOPHWKRGRORJ\
6HFWLRQV  DQG  SUHVHQW WKH HPSLULFDO SURFHGXUH DQG WKH UHVXOWV RI DGRSWLQJ D K\EULG PRGHO IRU
H[WUDFWLQJ$U)6VIURPDFRUSXV)LQDOO\ZHGUDZFRQFOXVLRQVLQ6HFWLRQ 
 
 
)RUPXODLF6HTXHQFHVLQODQJXDJHSHGDJRJ\DQGWHFKQRORJ\ 
 :KHQDWWHPSWLQJWRGHILQHWKH)6WKHKHWHURJHQHRXVQDWXUHRIWKLVSKHQRPHQRQLQKXPDQODQJXDJHV
DWGLIIHUHQWOLQJXLVWLFOHYHOVFDQEHFOHDUO\QRWLFHGHJPRUSKRORJ\V\QWD[DQGVHPDQWLFV+HQFHLW
LV KDUG WR ILQG D FRQVHQVXV LQ WKH OLWHUDWXUH RQ ZKDW ZH FDQ FDOO )6V 7KLV LV PDLQO\ GXH WR WKH
FRPSOH[LW\ LQYROYHG LQ WKH OLQJXLVWLF SURSHUWLHV RI )6V OLNH WKH ZHOONQRZQ WDOH DERXW EOLQG PHQ
IHHOLQJGLIIHUHQWSDUWVRIDQHOHSKDQWDQGHDFKJLYLQJDGLIIHUHQWGHVFULSWLRQHYHU\UHVHDUFKHUDWWHPSWV
WR GHPRQVWUDWH KLV RU KHU RZQ XQGHUVWDQGLQJ RI WKLV FRPSOLFDWHG SKHQRPHQRQ )RU LQVWDQFH LQ
&RPSXWDWLRQDO /LQJXLVWLFV DQG 1/3 WKH WHUP µPXOWLZRUG H[SUHVVLRQ¶ 0:( LV XVHG WR UHIHU WR
YDULRXVOLQJXLVWLFLWHPVLQFOXGLQJEXWQRWOLPLWHGWRLGLRPVQRXQFRPSRXQGVSKUDVDOYHUEVDQGOLJKW
YHUEV 6DJ HW DO  *UDOLQVNL HW DO  +HQFH D SUHFLVH FRPSOHWH DQG FRPSUHKHQVLYH
GHILQLWLRQRI)6VLVEH\RQGWKHUHDFKRIRXUVWXG\SDUWLFXODUO\LQPRUSKRORJLFDOO\ULFKODQJXDJHVDVLV
WKHFDVHLQ$UDELF%HFDXVHRIWKLVDSUDFWLFDOGHILQLWLRQZLOOEHVXJJHVWHGIRUWKLVVWXG\ZKLFKGHILQHV
WKHW\SHVRI)6VWDUJHWHGLQWKHFXUUHQWUHVHDUFK7KLVGHILQLWLRQLVEDVHGRQRXUUHVHDUFKREMHFWLYHV
WKDWPDLQO\IRFXVRQ$UDELFH[SUHVVLRQVWKDWDUHPRVWXVHIXOIRUSHGDJRJLFDOXVHVSDUWLFXODUO\SKUDVHV
WKDWSRVHGLIILFXOW\IURPWKHSHUVSHFWLYHVRIVHFRQGODQJXDJHOHDUQHUFRPSUHKHQVLRQDQG1/3WDVNV 
,Q WKH OLWHUDWXUH PDQ\ GHILQLWLRQV RI )6V KDYH EHHQ VXJJHVWHG HJ %DOGZLQ HW DO 
%DOGZLQ 	 .LP  5DPLVFK  6FKQHLGHU HW DO  :RRG  5HVHDUFKHUV KDYH
VSHFLILHGFULWHULD IRU UHFRJQLVLQJRUGHILQLQJ)6V LQ WH[WVDQGFRUSRUD /HHFKHWDO:UD\	
1DPED:UD\6FKPLWW	0DUWLQH]:RRG)RULQVWDQFH:UD\	1DPED
SURSRVHDVHWRIHOHYHQFULWHULDWKDWKHOSWKHUHVHDUFKHUVWRXVHWKHLULQWXLWLYHMXGJPHQWLQWKH
PDQXDO LGHQWLILFDWLRQRI)6V7KHVHFULWHULDDORQJZLWKRWKHUVVXJJHVWHGE\SUHYLRXVUHVHDUFKHJ
&RXOPDV3HWHUV:RRGDZHUHFRQVLGHUHGZKHQGHYHORSLQJDVHWRIFULWHULDIRUWKLV
VWXG\7KHZRUNLQJGHILQLWLRQDGRSWHGLQWKHFXUUHQWVWXG\LVEDVHGRQDQLQWHJUDWLRQEHWZHHQWZRRI
WKH PRVW FLWHG GHILQLWLRQV RI )6V SURSRVHG E\ 6DJ HW DO   DQG :RRG   7KHVH
GHILQLWLRQVVWDWH WKHFRUHFULWHULDRI)6VZKLFKKDYHDFRQVHQVXVLQ)6VUHVHDUFKDQGWKXVKHUHZH
GHILQH$U)6VDVVWDQGDUG$UDELFPXOWLZRUGSKUDVHVZKLFKKDYHDVLQJOHPHDQLQJRUIXQFWLRQDQG
SUHVHQWOLQJXLVWLFDVZHOODVVWDWLVWLFDOLGLRPDWLFLW\7KLVFRQFHSWRI$U)6VFRYHUVDOOW\SHVRIOH[LFDO
XQLWVWKDWZHLQWHQGWRLQFOXGHLQRXUUHVHDUFKEHFDXVHLWLQYROYHVDQ\VHPDQWLFDOO\UHJXODUIRUPXODV
WKDWDUHQRW UHVWULFWHG WRDQ\V\QWDFWLFFRQVWUXFWLRQRUVHPDQWLFGRPDLQ%\VWDQGDUG$UDELF LQ RXU
GHILQLWLRQZHH[FOXGHRWKHU$UDELFGLDOHFWVDQGIRFXVRQO\RQWKHVWDQGDUGGLDOHFWZKLFKLVWKHIRUPDO
W\SHRIPRGHUQ$UDELFUHSUHVHQWHGLQPRVWIRUPVRIFRPPXQLFDWLRQLQWKH$UDELFZRUOGWRGD\ 
$QRWKHUGLPHQVLRQUHJDUGLQJWKHFRQFHSWRI)6VLVWKHWHUPLQRORJ\LVVXH:UD\VWDWHV
WKDWLQWKHOLWHUDWXUHPRUHWKDQWHUPVKDYHEHHQXVHGWRUHIHUWRWKLVSKHQRPHQRQKRZHYHU6FKPLWW
VXJJHVWVWKHXVHRIWKHWHUPµ)RUPXODLF6HTXHQFH¶DVDQXPEUHOODWRUHIHUWRYDULRXVW\SHVRI
)6V LQJHQHUDO+HQFH LQRXU VWXG\ WKH WHUP µ$UDELF )RUPXODLF6HTXHQFHV¶ $U)6VZLOO EHXVHG
EHFDXVH WKLV UHVHDUFKFRYHUVGLIIHUHQWVRUWVRI$UDELF H[SUHVVLRQVDQGRWKHU WHUPVVXFKDV0:(V
FRQVWUXFWLRQVDQGFROORFDWLRQVPLJKWEHXVHGLQWHUFKDQJHDEO\ 
7KHLPSRUWDQFHRIWKLVUHVHDUFKLVGXHWRDVHWRIIDFWRUVUHODWHGWRWKHYLWDOUROHRILQWHJUDWLQJ
IRUPXODLFODQJXDJHLQ1/3DQG/3,JQRULQJ0:(VLQDQ\ODQJXDJHUHODWHGWDVNVZLOOKDYHDQHJDWLYH
LPSDFWRQWKHLUILQDORXWSXWTXDOLW\7KLVLVEHFDXVH0:(VFRQVWLWXWHDODUJHSDUWRIHYHU\GD\ODQJXDJH
IRULQVWDQFHLQ(QJOLVK0:(VFRQVWLWXWHRIWKHHQWULHVLQ:RUG1HW)HOOEDXP/LHW
DO  DOVR VWDWH WKDW SKUDVDO YHUEV FRQVWLWXWH DSSUR[LPDWHO\ RQH WKLUG RI WKH (QJOLVK YHUE
YRFDEXODU\7KLVODUJHSRUWLRQRI0:(VHPSKDVLVHVWKHLUNH\UROHLQWKHGHYHORSPHQWRIODQJXDJH
UHODWHG DSSOLFDWLRQV )RUPXODLF ODQJXDJH UHVHDUFK SURYLGHV HYLGHQFH WKDW WKH PRVW IUHTXHQWO\ XVHG
ZRUGVLQODQJXDJHVDUHRQO\WKHWLSRIH[SUHVVLRQDOLFHEHUJVHJ0DUWLQH]	0XUSK\)LJXUH
VKRZVWKHXQGHUO\LQJFRPSOH[LW\RISKUDVHVUHODWHGWRWKH$UDELFZRUG
D\QϦϴϋ µ³(\H´ 
 
,16(57),*85(+(5( 
)LJXUH7LSRIWKHLFHEHUJVKRZVWKHFRPSOH[LW\RISKUDVHVUHODWHGWRWKH$UDELFZRUG
D\Q 
 
5HJDUGLQJ WKH NH\ UROH RI 0:(V LQ 1/3 DSSOLFDWLRQV WKH LQFOXVLRQ RI 0:( UHVRXUFHV FDQ
IXQGDPHQWDOO\LPSURYHWKHTXDOLW\RIPDQ\1/3DSSOLFDWLRQVVXFKDVFRPSXWHUDLGHGOH[LFRJUDSK\
PRUSKRORJLFDODQGV\QWDFWLFDQDO\VLVLQIRUPDWLRQUHWULHYDOPDFKLQHWUDQVODWLRQDQGIRUHLJQODQJXDJH
HOHDUQLQJ V\VWHPV OLNH WKH 'XROLQJR KWWSGXROLQJRFRP DQG )OD[ KWWSIOD[Q]GORUJ SURMHFWV
,QWHJUDWLQJ )6 NQRZOHGJH LQ WKHVH DSSOLFDWLRQV LV NQRZQ WR EH YHU\ EHQHILFLDO LQ WKH UHGXFWLRQ RI
ODQJXDJHDPELJXLW\DQGLQFUHDVLQJWKHDFFXUDF\OHYHORI1/3V\VWHPRXWSXWV5DPLVFK 
,Q/30:(VSOD\DQHVVHQWLDO UROHEHFDXVH WKH\FRQVWLWXWHD ODUJHSURSRUWLRQRI ODQJXDJH
:UD\LQKHUWLPHOLQHIRUUHVHDUFKRQIRUPXODLFODQJXDJHILQGVWKDWUHVHDUFKLQWKLVDUHDGDWHV
EDFNWR)LUWK¶VIDPRXVTXRWH³\RXVKDOONQRZDZRUGE\WKHFRPSDQ\LWNHHSV´)LUWK7KH
HDUO\ UHDOL]DWLRQ RI WKLV SKHQRPHQRQ SDYHG WKH ZD\ IRU PDQ\ IROORZLQJ UHVHDUFKHUV WR FRQGXFW
HPSLULFDODQGWKHRUHWLFDOVWXGLHVWKDWDLPHGWRKDYHDQLQGHSWKFRPSUHKHQVLRQRIIRUPXODLFODQJXDJH
SKHQRPHQDIURPGLIIHUHQWSHUVSHFWLYHV,QWKHODVWWZRGHFDGHVFRUSXVOLQJXLVWLFVUHVHDUFKILQGLQJV
KDYH GHPRQVWUDWHG WKH HVVHQWLDO UROH RI IRUPXODLF ODQJXDJH :UD\  6FKPLWW  6HYHUDO
H[DPSOHV LQ WKH OLWHUDWXUH KLJKOLJKW WKH PDMRU UROH RI LQFOXGLQJ IRUPXODLF ODQJXDJH LQ /37KLV LV
EHFDXVH IRUPXODLF ODQJXDJH LV YHU\ FRPPRQ LQ ODQJXDJH UHVHDUFKHUV LQ WKLV DUHD JLYH GLIIHUHQW
HVWLPDWLRQVRIWKHLUSURSRUWLRQLQODQJXDJHZKLFKUDQJHVIURPDURXQG%LEHUHWDOWRPRUH
WKDQ(UPDQ	:DUUHQLQVSRNHQDQGZULWWHQGLVFRXUVH+HQFHLWLVGLIILFXOWWRLJQRUHWKLV
ODUJHSHUFHQWDJHRI ODQJXDJH LQ DQ\ ODQJXDJHUHODWHGDSSOLFDWLRQ)RUPXODLF ODQJXDJH DOVRSOD\V D
FULWLFDOUROHLQFRQYH\LQJYDULRXVNLQGVRIIXQFWLRQVDQGPHDQLQJLQODQJXDJHFRPPXQLFDWLRQHJ
%LEHU HW DO  'RUJHORK 	 :DQQHU  +\ODQG :XOII HW DO  )RU LQVWDQFH LQ
(QJOLVKDQG$UDELFPDQ\)6VDUHXVHGDVGLVFRXUVHRUJDQL]DWLRQVLJQSRVWVHJ PDQMDKDছDۘUv³RQ
WKHRWKHUKDQG´ 
$QRWKHUIDFWRUUHODWHGWRWKHODQJXDJHSURFHVVLQJDGYDQWDJHVRI)6VLVWKHHDV\DFTXLVLWLRQRI
IRUPXODLF ODQJXDJH LWHPV E\ QDWLYH VSHDNHUV LQ FRPSDULVRQ WR QRQIRUPXODLF LWHPV %\ FRQWUDVW
IRUPXODLFODQJXDJHDFTXLVLWLRQLVIRXQGWREHRQHRIWKHPRVWFKDOOHQJLQJDQGGLIILFXOWWDVNVIRUQRQ
QDWLYH VSHDNHUV 8QGHUZRRG HW DO  6L\DQRYD&KDQWXULD HW DO  2WKHU UHVHDUFK KDV
HPSKDVL]HG WKH NH\ UROH RI IRUPXODLF ODQJXDJH DFTXLVLWLRQ LQ WKH RYHUDOO LPSURYHPHQW RI VHFRQG
ODQJXDJHOHDUQHUV¶SURILFLHQF\DQGIOXHQF\LQWKHWDUJHWHGODQJXDJH%RHUVHWDO)RULQVWDQFH
DIWHUDQDO\VLQJWKHZULWWHQDQVZHUVRI(QJOLVKDVDIRUHLJQODQJXDJH()/OHDUQHUV¶LQDSURILFLHQF\
WHVW2KOURJJHILQGVWKDWVWXGHQWVZLWKKLJKHUJUDGHVXVHIRUPXODLFODQJXDJHPRUHWKDQVWXGHQWV
ZLWKOHVVHUJUDGHV 
7KH ILQDO SRLQW KHUH LV UHODWHG WR WKH SDUWLFXODU LPSRUWDQFH RI$UDELF IRUPXODLF ODQJXDJH
UHVHDUFK0DQ\$UDELF OLQJXLVWV FDOO IRU WKH LPSHUDWLYHQHHG IRUGHYHORSLQJGLIIHUHQWNLQGVRI )6V
ODQJXDJH UHVRXUFHV WR XWLOL]H WKHP LQ /3 DQG 1/3 DSSOLFDWLRQV )RU H[DPSOH 2PDU  DQG
+DZZDUL HW DO  SRLQW RXW WKH ODFN RI FRPSUHKHQVLYH$UDELF IRUPXODLF ODQJXDJH UHVRXUFHV
SDUWLFXODUO\LQWHUPVRIUHVRXUFHVWKDWFDQEHLQWHJUDWHGHDVLO\LQWR/3DQG1/3DSSOLFDWLRQV2PDU
VWDWHVWKDWPRVW$UDELFWHDFKLQJDQGOHDUQLQJPDWHULDOVDUHVWLOOEDVHGRQOLVWLQJVRIRUWKRJUDSKLF
VLQJOHZRUGVEHFDXVHRI WKHDEVHQFHRIZHOOGHYHORSHG)6V UHVRXUFHV$OWKRXJK WKH LPSRUWDQFHRI
(QJOLVK0:(VKDVEHHQDFNQRZOHGJHGE\PDQ\UHVHDUFKHUVLQWKHILHOGVRI/3DQG1/3DVHYLGHQW
E\WKHODUJHQXPEHURIUHVHDUFKSDSHUVDQGGHGLFDWHGFRQIHUHQFHVDQGZRUNVKRSVWKHWKHRU\RI$UDELF
0:(V LV VWLOO XQGHUGHYHORSHG7KHUH LV D FULWLFDO QHHG IRU VWXG\LQJ$UDELF 0:(V ERWK IURP WKH
WKHRUHWLFDODQGSUDFWLFDOSHUVSHFWLYHV 
 
 
&RUSXVLQIRUPHGSHGDJRJLFDOIRUPXODLFVHTXHQFHV 
 
7KH /2% /DQFDVWHU2VOR%HUJHQ &RUSXV ZDV WKH ILUVW FRUSXV DLPHG DW %ULWLVK (QJOLVK ODQJXDJH
WHDFKLQJDQGUHVHDUFK/HHFKHWDO$QHDUO\DWWHPSWIRUDQDXWRPDWLFH[WUDFWLRQRI0:(VLQ
(QJOLVKZDVPDGHE\$WZHOOLQWKHGHYHORSPHQWRIWKH/2%FRUSXVWDJJLQJSURMHFW$PXOWL
ZRUGRUGLWWR WDJ OLVWZDV FUHDWHG IRU ³VHTXHQFH RI WZRRUPRUHRUWKRJUDSKLFDOO\ VHSDUDWH µZRUGV¶
IXQFWLRQLQJDVDVLJQDOOH[LFDOLWHP¶¶VXFKDVQRRQH/HHFKHWDO7KLVPHWKRGZRXOGEHRI
JUHDW LPSRUWDQFHDQGXVHIXOQHVV LQ WKHDXWRPDWLF LGHQWLILFDWLRQRI LPPXWDEOHSKUDVHV IURP0:(V
WDJJHGFRUSXV+RZHYHUZKHQLWFRPHVWRH[WUDFWLQJSKUDVHVZLWKV\QWDFWLFDQGWUDQVSDUHQWYDULHW\LW
LVGLIILFXOWWRGHSHQGFRPSOHWHO\RQDXWRPDWLFH[WUDFWLRQPHWKRGV 
,Q(QJOLVKWKHZRUNRI/HHFKHWDOZULWWHQGXULQJWKHGHYHORSPHQWRIWKHPLOOLRQ
ZRUG%ULWLVK1DWLRQDO&RUSXV %1& LVFRQVLGHUHG WREH WKH ILUVWSXEOLVKHGDWWHPSW WRFRQVWUXFWD
FRPSUHKHQVLYHFRUSXVLQIRUPHGSKUDVHOLVW0DUWLQH]7KHJHQHUDWLRQRIWKLVOLVWLVEDVHGRQ
WKH UHVXOW RI DXWRPDWLF LGHQWLILFDWLRQ RI WKH PRVW IUHTXHQWO\ DSSHDULQJ SKUDVHV LQ WKH 326WDJJHG
ZULWWHQDQGVSRNHQFRUSXV7KHFULWHULDIRU0:(VHOHFWLRQDGRSWHGLQWKHLUUHVHDUFKZHUHEDVHGRQWKH
IL[HGQHVVRIWKHSKUDVH/HHFKHWDOVWDWHWKDW³PXOWLZRUGXQLWVDUHLWHPVZKLFKDUHWUHDWHG
DVDVLQJOHZRUGWRNHQHYHQWKRXJKWKH\DUHVSHOWDVDVHTXHQFHRIRUWKRJUDSKLFZRUGV´)RULQVWDQFH
WKHSKUDVHVRWKDWZDVDQDO\VHGDVDVLQJOHZRUGEHFDXVHLW³IXQFWLRQVLQWKHVDPHZD\DVDRQHZRUG
FRQMXQFWLRQ´/HHFKHWDO7KLVVSHFLILFDWLRQRI0:(VIRUFHGWKHUHVHDUFKHUVWRH[FOXGH
PDQ\RWKHULPSRUWDQWW\SHVRI)6VVXFKDVLQIOHFWHGRUVHSDUDWHGVHTXHQFHVOLNHSKUDVDOYHUEVHJ
ZULWHGRZQ LQZULWH LWGRZQ LQ WKDW VXFKSKUDVHVFRXOGQRWEHPDWFKHGE\ WKHLU326 WDJJHU7KLV
PHWKRGRORJ\GHPRQVWUDWHVVRPHRIWKHOLPLWDWLRQVRIWKHIXOO\DXWRPDWLFLGHQWLILFDWLRQRI0:(V,W
FDQDOVREHQRWHGWKDWWKHLU0:(OLVWLVPRVWO\EDVHGRQIUHTXHQF\GDWD6WDWLVWLFDOGDWDFDQEHYHU\
EHQHILFLDODQGDFFXUDWHLQWKHLGHQWLILFDWLRQRIIUHTXHQWVLQJOHRUWKRJUDSKLFZRUGVLQFRQWUDVWWRWKH
SURFHVVLQJRI0:(VWKDWPLJKWQRWSURYLGHVXIILFLHQWLQIRUPDWLRQ 
'XUUDQWFRQVWUXFWHGDSHGDJRJLFDOOLVWLQJRIDFDGHPLFFROORFDWLRQVWKHPDLQDLPEHLQJ
WRH[WHQG&R[KHDG¶V$FDGHPLF:RUG/LVW$:/LQWRDQDFDGHPLFFROORFDWLRQVOLVWWRHQDEOH
LQWHJUDWLRQRIIRUPXODLFODQJXDJHLQ/37KHJHQHULFOLVWZDVEDVHGRQDQHZ(QJOLVKDFDGHPLFFRUSXV
GHYHORSHGE\WKHUHVHDUFKHUZKLFKLQFOXGHVPLOOLRQDFDGHPLFZULWWHQZRUGV7KHGHYHORSPHQWRI
WKHOLVWZDVEDVHGRQWKHLQWHJUDWLRQRIWZRDSSURDFKHVWKHILUVWLVWKHNH\FROORFDWLRQDSSURDFKLQ
ZKLFK'XUUDQWDLPVWRILQGWKHPRVWUHOHYDQWZRUGSDLUVZKLFKFRRFFXUZLWKPRGHUDWHWRKLJK
IUHTXHQF\ZLWKLQD IRXUZRUGVSDQDFURVVFRPPRQDFDGHPLFGLVFLSOLQHV LQ WKHFRUSXV7KHVHFRQG
DSSURDFKLVWKHFROORFDWLRQRIDFDGHPLFNH\ZRUGVZKLFKDLPVWRILQGWKHZRUGVWKDWFROORFDWHPRVWWR
WKHKLJKHVWUDQNHGDFDGHPLFNH\ZRUGV'XUUDQW¶VDSSURDFKUHOLHVVROHO\RQIUHTXHQF\GDWD
DQGWKLVPLJKWOHDGWRLJQRULQJYDOXDEOHFROORFDWLRQLWHPVWKDWGRQRWPHHWWKHVWDWLVWLFDOFULWHULD 
$QRWKHUVWXG\E\0DUWLQH]	6FKPLWWVRXJKWWRFRQVWUXFWDFRUSXVEDVHGOLVWRI)6VLQ
JHQHUDO(QJOLVKOLNHWKHYRFDEXODU\JHQHUDOVHUYLFHOLVW*6/:HVW7KHWDUJHWHGOLVWDLPVWR
EHXVHGDVDSHGDJRJLFDOWRROWKDWFDQEHDGRSWHGLQYDULRXVSHGDJRJLFDODSSOLFDWLRQVHJODQJXDJH
OHDUQLQJWHDFKLQJDQGWHVWLQJ7KHOLVWLWHPVHOHFWLRQZDVEDVHGRQWKUHHPDLQFULWHULDUHODWHGWRKLJK
IUHTXHQF\PHDQLQJIXOQHVVDQGWKHQRQFRPSRVLWLRQDOLW\RIWKHSKUDVH$K\EULGDSSURDFKZDVDGRSWHG
LQ WKH LGHQWLILFDWLRQ RI OLVW LWHPV VR DW WKH ILUVW VWDJH D IUHTXHQF\ OLVW RI QJUDP FDQGLGDWHV ZDV
JHQHUDWHGXVLQJWordSmith Tools (Version 6)6FRWWDQGWKHWDUJHWHGLWHPVRIDJLYHQQJUDP
ZHUHVHOHFWHGPDQXDOO\EDVHGRQSUHGHWHUPLQHGVHOHFWLRQFULWHULD7KHUHVHDUFK\LHOGVDOLVWRIWKH
PRVWIUHTXHQWPXOWLZRUGH[SUHVVLRQVLQ(QJOLVKZKLFKLVFDOOHGWKH3+5$6(/LVW 
 
 
$UDELFFRPSXWDWLRQDO0:(VUHVHDUFK 
 
$UDELFFRPSXWDWLRQDOOLQJXLVWVFDQHQKDQFH$UDELF1/3VRIWZDUHE\DFFRPPRGDWLQJ0:(VZLWKLQ
ODQJXDJHSURFHVVLQJ)RU H[DPSOH$WWLD  GHYHORSHG DQ$UDELF0:(V OLVW WRXVH LQ D0:(
WUDQVGXFHULQWKH$UDELFPRUSKRORJ\SDUVHULQRUGHUWRHQKDQFHLWVDQDO\VLV$WWLDXVHGVHPLDXWRPDWLF
PHWKRGVRI LGHQWLI\LQJ WKH0:(V WREXLOGD OLVWRI$UDELF0:(V%DVHGRQ WKHFODVVLILFDWLRQVRI
0:(VSUHVHQWHGE\6DJHWDO$WWLDFODVVLILHGWKH$UDELF0:(VLQWRIRXUFDWHJRULHVUHODWHGWR
VHPDQWLF FRPSRVLWLRQDOLW\ DQG V\QWDFWLF IOH[LELOLW\ 1R IXUWKHU GHWDLOV DERXW WKH FRUSXV XVHG IRU
GHYHORSLQJWKH0:(VOLVWDQGWKHVHOHFWLRQFULWHULDRIWKHOLVWLWHPVLVSURYLGHGE\$WWLD 
$QRWKHU UHDVRQ IRU LQWHUHVW LQ 0:(V LQ 1/3 UHVHDUFK FDQ EH IRXQG LQ WH[W FODVVLILFDWLRQ
+DZZDULHWDODLPWROHDUQKRZWRVWDWLVWLFDOO\FDWHJRULVHQHZ0:(VLQODUJHFRUSRUD7KH\
FRQVWUXFWHGDJHQHUDOSXUSRVHOLVWRI$UDELF0:(VZLWKWKHOLVWLWHPVEHLQJFRPSLOHGPDQXDOO\IURP
GLIIHUHQW$UDELF0:(GLFWLRQDULHV$ERX6DDG6HHQ\HWDO'DZRG)D\HG
7KHILQDOOLVWDPRXQWVWR0:(V7KHOLVWZDVWKHQDXWRPDWLFDOO\WDJJHGZLWKWKHSDUWVRIVSHHFK
WDJJHU0$'$ +DEDVK	5DPERZ7KH0:(VZHUHPDQXDOO\ FODVVLILHGE\ WKHLU V\QWDFWLF
FRQVWUXFWLRQV HJ 9HUE9HUE 9HUE1RXQ 9HUE3DUWLFOH 1RXQ1RXQ DQG $GMHFWLYH1RXQ 7KH\
GHYHORSHGDSDWWHUQPDWFKLQJDOJRULWKPIRUFODVVLI\LQJWH[WLQ$UDELFFRUSRUD7KHSDWWHUQPDWFKLQJ
DOJRULWKPZDVUXQRQWKH$UDELF*LJDZRUGFRUSXV$*:WRWDJWKH$UDELFWH[WDXWRPDWLFDOO\ZLWK
0:( DQQRWDWLRQV7KH PDQXDO HYDOXDWLRQ RI D VDPSOH RI DXWRPDWLF 0:( DQQRWDWLRQV UHYHDOV DQ
HQFRXUDJLQJUHVXOWZLWKDKLJKGHJUHHRIDFFXUDF\ 
$QRWKHUVWXG\E\+DZZDULHWDOSUHVHQWVDIUDPHZRUNIRUFODVVLI\LQJDQGDQQRWDWLQJ
(J\SWLDQ0:(V7KH UHVHDUFK VRXJKW WREXLOG DQ LQWHQVLYH OH[LFDO UHVRXUFH IRUGLDOHFWDO(J\SWLDQ
$UDELF 1/3 HQULFKHG ZLWK FRPSUHKHQVLYH OLQJXLVWLF DQQRWDWLRQV ZKLFK LQFOXGH SKRQRORJLFDO
RUWKRJUDSKLFVHPDQWLFPRUSKRORJLFDOV\QWDFWLFDQGSUDJPDWLFLQIRUPDWLRQ7KHOLVWLVFRPSRVHGRI
0:(VFRPSLOHGIURPFRUSRUDDQG0:(GLFWLRQDULHV 
$OWKRXJKFRPSXWDWLRQDOOLQJXLVWLFVUHVHDUFKLQWR0:(VKDVEHHQDSSOLHGWR$UDELFODQJXDJH
WH[WV DV LV WKHFDVH LQRXUVWXG\RXUVWXG\KDVGLIIHUHQWREMHFWLYHV7KHDERYHH[DPSOHV LOOXVWUDWH
$UDELF0:(OLVWVGHYHORSHGWRLPSURYH$UDELF1/3VRIWZDUHWRWKHEHVWRIRXUNQRZOHGJHQR$UDELF
0:(VOLVWKDVEHHQGHYHORSHGIRUODQJXDJHSHGDJRJLFDOSXUSRVHV+HQFHRXUVWXG\VHHNVWRILOOLQ
WKHJDSVLQRXUNQRZOHGJHE\GHYHORSLQJDSHGDJRJLFDOO\UHOHYDQWDQGFRUSXVGULYHQOLVWRI0:(V 
 
 
0HWKRGRORJ\$K\EULGPRGHOIRU)6VH[WUDFWLRQ 
 
2XUPL[HGPHWKRGVPRGHO IRU H[WUDFWLQJ)6V DLPV WR FRPELQHVWDWLVWLFDOPHWKRGVZLWKTXDOLWDWLYH
PHWKRGVKHQFHTXDQWLWDWLYH DQGTXDOLWDWLYH FULWHULDZLOO EH DSSOLHG WR H[WUDFWHG )6V LWHPV IURP D
FRUSXV7KHPRGHOPDLQO\FRQVLVWVRIWKUHHEDVLFSKDVHV IRU LGHQWLI\LQJWKH)6V LQHDFKSKDVHWKH
OLVWHGLWHPVXQGHUJRGLIIHUHQWVRUWVRIDQDO\VLVXQWLOWKHILQDOUHILQHGOLVWRI)6VLVDFKLHYHG7KLVPRGHO
ZDVGHYHORSHGWKURXJKDWKRURXJKOLWHUDWXUHDQDO\VLV 
 ,VVXHVRIIUHTXHQF\H[WHQWDQGLGHQWLILFDWLRQ 
 
7KHPDLQREMHFWLYHRI WKLV UHVHDUFK LV WRDUULYHDWD OLVW WKDW LVEHQHILFLDO IRUSHGDJRJLFXWLOLW\ DQG
IUHTXHQF\WHQGVWREHRQHRIPRVWLPSRUWDQWLQGLFDWRUVIRUWKLVXVHIXOQHVVHJ1DWLRQ2¶.HHIIH
HWDO ,Q(QJOLVKVHYHUDOVLQJOHZRUGDQG)6OLVWVKDYHEHHQXVHGIRUD ORQJWLPHDQGKDYH
SURYHGWREHDIXQGDPHQWDOSHGDJRJLFDOWRROIRUGHVLJQLQJDQGGHYHORSLQJYDULRXVNLQGVRIWHDFKLQJ
PDWHULDOVDQGODQJXDJHFXUULFXOXPVHJ1DWLRQ2¶.HHIIHHWDO6FKPLWW	0DUWLQH]
1DWLRQ	:DULQJDVVHUWWKDWLQFOXGLQJKLJKIUHTXHQF\PXOWLZRUGH[SUHVVLRQVLVDV
LPSRUWDQWDVWKHLQFOXVLRQRIVLQJOHZRUGVLQWKHIUHTXHQF\EDVHGOLVWV 
,WLVUHDVRQDEOHWRVXSSRVHWKDWWKLVIUHTXHQF\XVHIXOQHVVUHODWLRQVKLSDOVRDSSOLHVWR)6VKHQFH
LQWKLVUHVHDUFKIUHTXHQF\LVRQHRIWKHHVVHQWLDOVWDWLVWLFDOFULWHULDIRUFRQVWUXFWLQJWKHFXUUHQWOLVWRI
)6V$QRWKHUSRLQWDERXW IUHTXHQF\ LV UHODWHG WR WKHSKUDVH OHQJWK6WDWLVWLFDOO\ WKHUH LVDQ LQYHUVH
FRQQHFWLRQEHWZHHQWKHOHQJWKRISKUDVHDQGLWVIUHTXHQF\VRORQJSKUDVHVDUHDOZD\VOHVVIUHTXHQWO\
XVHGLQWKHODQJXDJH+HQFHWKHIRFXVRIWKLVUHVHDUFKZDVRQSKUDVHVIURPWZRZRUGVWRQRORQJHU
WKDQIRXUFRQWLJXRXVZRUGV 
5HJDUGLQJWKHH[WHQWRIWKLVOLVWDQ\VSHFLILFSXUSRVHOLVWPXVWVWRSDWVRPHSRLQWWREHZLGHO\
XVHGVRWKHFXUUHQWVWXG\DGRSWHGDWKUHVKROGRILWHPV7KLVFXWRIISRLQWLVFRQVLVWHQWZLWKPDQ\
SUHYLRXVIUHTXHQF\EDVHGOLVWVGHYHORSHGIRU/3'DYLHV	*DUGQHU0LOWRQ&DSHO
7KHLGHQWLILFDWLRQRI)6VFRPELQHVTXDQWLWDWLYHDQGTXDOLWDWLYHDSSURDFKHVWREHRIPD[LPXPXWLOLW\
6HPDQWLFDQGOLQJXLVWLFVSHFLILFDWLRQVZLOOEHFRQVLGHUHGLQWKHGHYHORSPHQWVWDJHVRIWKLVOLVWKHQFH
LQWKHILQDOUHILQHGOLVWSKUDVHVZKLFKUHDOL]HPHDQLQJVRUIXQFWLRQVDUHLQFOXGHG 
 
 
7KHFRUSXVVRXUFHRIWKHODQJXDJHGDWD 
 
:HXVHWKH/HHGVPRGHUQVWDQGDUG$UDELF:HE&RUSXV/$:&ZKLFKFRQVLVWVRIDERXWPLOOLRQ
ZRUGVDQGSDUWVRIVSHHFK326WDJJHGE\WKH6$/0$6WDQGDUG$UDELF/DQJXDJH0RUSKRORJLFDO
$QDO\VLV326WDJJHU6DZDOKD	$WZHOO7KH/$:&FRUSXVLVDYDLODEOHRQWKH6NHWFK(QJLQH
ZHEVLWHKilgarriffHWDOKWWSVZZZVNHWFKHQJLQHFRXN,WZDVVHOHFWHGIRUVHYHUDOUHDVRQV
LQFOXGLQJ LWV UHSXWDWLRQ GLYHUVLW\ DQG VL]H /$:& ZDV LQLWLDOO\ FROOHFWHG E\ 6KDURII  IRU
WUDQVODWLRQ VWXGLHV UHVHDUFK DQG ZDV XVHG LQ VHYHUDO FRUSXVEDVHG $UDELF VWXGLHV 7KH FRUSXV LV
FRQVLGHUHGWREHUHSUHVHQWDWLYHRIYDULRXVZULWWHQDQGVSRNHQODQJXDJHJHQUHVLWFRYHUVYDULRXVWRSLFV
FODVVLILHGLQWRHLJKWPDLQFDWHJRULHVHJVFLHQFHSROLWLFVDUWVDQGEXVLQHVV/$:&LVRQHRIWKHIHZ
SXEOLFO\DYDLODEOHODUJH$UDELFFRUSRUDPDQ\FRUSXVOLQJXLVWLFVVWXGLHVSRLQWRXWWKHLPSRUWDQFHRI
WKHFRUSXVVL]HLQWKHRYHUDOOLPSURYHPHQWRIWKHFRUSXVVWXGLHVUHVXOWVHJ%LEHUHWDO+XQVWRQ
/HH	&DQWRV 
 
 
7KHVHOHFWLRQFULWHULD 
 
%DVHGRQWKHZRUNLQJGHILQLWLRQRIWKLVVWXG\WKLVVHFWLRQSUHVHQWVWKHVHOHFWLRQFULWHULDRI)6VIRFXVHG
RQWKHVHPDQWLFIHDWXUHVRIWKHSKUDVHUHJDUGOHVVRILWVVWUXFWXUDOYDULHWLHV%HFDXVHRIWKLVZHSUHIHUUHG
WRDGRSWDVHPLDXWRPDWLFH[WUDFWLRQDSSURDFKIURPWKHFRUSXVZKLFKFRPELQHGWKHXVHRIPDQXDO
DQGDXWRPDWLFWHFKQLTXHVLQWKHGHYHORSPHQWRIWKH)6VOLVW 
7KH ZHOONQRZQ OLPLWDWLRQV RI IXOO\ DXWRPDWLF LGHQWLILFDWLRQ RI )6V HVSHFLDOO\ LQ D
PRUSKRORJLFDOO\ULFKODQJXDJHDQGWKHODFNRIDQ$UDELFFRUSXVDQQRWDWHGZLWK0:(VMXVWLI\WKHXVH
RIPDQXDOPHWKRGVIRUH[WUDFWLQJ)6VZLWKSDUWLFXODUVHPDQWLFIHDWXUHV7KHFULWHULDXVHGLQWKLVVWXG\
DUHEDVHGRQDQLQWHQVLYHDQDO\VLVRIUHOHYDQWSUHYLRXV(QJOLVKDQG$UDELFUHVHDUFKVHH6HFWLRQ7KH
FULWHULDZHUHXVHGDVDJXLGHIRUVHOHFWLQJ)6VWKXVDQ\FOXVWHUZRUGVHTXHQFHZKLFKPHWDWOHDVW
RQH RI WKHVH IRXU FULWHULD IURP WKH QJUDP FDQGLGDWHV OLVW VKRXOG EH FRQVLGHUHG DV D SRWHQWLDO )6
FDQGLGDWHWKDWLVVXEMHFWIRUIXUWKHUYDOLGDWLRQ2XUVHOHFWLRQFULWHULDIRU)6VLGHQWLILFDWLRQZHUH 
 
i. 'RHVWKHH[SUHVVLRQRUSDUWRILWODFNVHPDWLFWUDQVSDUHQF\" 
 
7KLVPHDQVWKDWWKHPHDQLQJRIWKHSKUDVHLVQRWSXUHO\GHULYHGIURPLWVFRPSRQHQWSDUWVVXFKDVNLFN
WKHEXFNHWZKLFKPHDQV³WRGLH´DQGLQ$UDELFDQWTO ছLOvUDۊPD$OODKOLW³SDVVHGWRWKHPHUF\RI
*RG´ZKLFKPHDQVPvW³WRGLH´+RZHYHUZKHQDSSO\LQJWKLVFULWHULRQZHVKRXOGEHDULQPLQGWKH
IDFWWKDWIXOO\VHPDQWLFWUDQVSDUHQWSKUDVHVDUHUDUHLQODQJXDJH7D\ORUWKHUHIRUHH[SUHVVLRQV
ZLWK DQ\ GHJUHH RI QRQFRPSRVLWLRQDOLW\ ZLOO EH WDNHQ LQWR FRQVLGHUDWLRQ LQ WKH SURFHVV RI )6V
LGHQWLILFDWLRQ 
 
ii. 'RHVWKHH[SUHVVLRQVKRZDQ\VRUWRIOLQJXLVWLFLGLRPDWLFLW\" 
 
7KLVFULWHULRQFDQEHDSSOLHGDWDOO OLQJXLVWLFOHYHOVRIDQDO\VLV)RULQVWDQFHDWWKHOH[LFDOOHYHOWKH
SRSXODU$UDELFSKUDVHҵDOƗDUUDƥPPDQµµDOWKRXJK¶¶LVDQLGLRPDWLFH[SUHVVLRQEHFDXVHWKHOH[LFDO
LWHPVLQWKLVSKUDVHFDQQRWEHUHSODFHGZLWKDQ\RWKHUVLPLODUZRUGV,QDGGLWLRQWKHSKUDVHUDMҵEDۘIƯ
ۊDQƯQ³FDPHEDFNZLWK+XQDLQ¶VVKRHV´LVDQRWKHUH[DPSOHZKLFKVKRZVDW\SHRIPRUSKRV\QWDFWLF
LGLRPDWLFLW\EHFDXVHLWSUHVHQWVUHVLVWDQFHWRPRUSKRORJLFDORUV\QWDFWLFWUDQVIRUPDWLRQV 
 
iii. ,VWKHH[SUHVVLRQUHODWHGWRDVSHFLILFVLWXDWLRQRUUHJLVWHU" 
 
7KLVFULWHULRQ LV UHODWHG WR WKHSUDJPDWLFSURSHUWLHVRI WKHSKUDVH WKDW LV LQHYHU\ ODQJXDJHPDQ\
H[SUHVVLRQV DUH VWURQJO\ DWWDFKHG WR VSHFLILF RFFDVLRQV DQG XVXDOO\ WHQG WR EH XVHG WR FRQYH\ D
FRPPXQLFDWLYHPHDQLQJUHODWHGWRWKHVLWXDWLRQ([DPSOHVLQFOXGHH[FXVHPHDQGKDSS\ELUWKGD\DQG
LQ$UDELFãDNUƗODN³WKDQN\RX´DQGPDҵDVVDOƗPD³JRRGE\H´ 
 
iv. &DQWKHH[SUHVVLRQEHSDUDSKUDVHGRUWUDQVODWHGLQWRDVLQJOHZRUG" 
 
7KLVFULWHULRQKHOSVWRLGHQWLI\D)6LQ(QJOLVKVHYHUDOVWXGLHVKDYHXVHGDSDUDOOHOWUDQVODWHGFRUSXV
WR GHWHFW GLIIHUHQW NLQG RI 0:(V 1HULPD HW DO  6PDGMD HW DO  E\ DQDO\VLQJ WKHLU
HTXLYDOHQWLQRWKHUODQJXDJHVIRU LQVWDQFHWKH$UDELFSKUDVHEDƥڲDQQDڸUҵDQLVWUDQVODWHGLQRQH
HTXLYDOHQWZRUGLQ(QJOLVK³UHJDUGOHVV¶¶ 
 
 
6WDJHVRIFRQVWUXFWLQJWKH)6VOLVW 
 
7KH)6VH[WUDFWLRQZDVDFKLHYHGLQWKUHHPDLQVWDJHV)LUVWO\WKHVWDWLVWLFDOSKDVHLQWKLVSKDVHFR
RFFXUULQJZRUGVZHUHDXWRPDWLFDOO\H[WUDFWHGXVLQJWKH6NHWFK(QJLQHQJUDPWRROZLWKDIUHTXHQF\
WKUHVKROGRIWHQSHUPLOOLRQZRUGVEHFDXVHWKHIRFXVLQWKLVH[SHULPHQWZDVRQWKHPRVWIUHTXHQWQ
JUDPV7KH UHVXOWLQJ OLVW RI)6VZDV UDQNHG LQGHVFHQGLQJRUGHU E\ WKHLU IUHTXHQF\6HFRQGO\ WKH
TXDOLWDWLYHSKDVHDLPHGWRDSSO\WKHDERYHTXDOLWDWLYHFULWHULDWRWKHDXWRPDWLFDOO\H[WUDFWHGOLVWDQ\
)6VZKLFKPHWRQHRIWKHSUHGHWHUPLQHGTXDOLWDWLYHFULWHULDZHUHLQFOXGHGLQWKHILQDOOLVWDWWKLVVWDJH
,QDGGLWLRQDYDOLGDWLRQH[HUFLVHZDVFRQGXFWHGRQDVDPSOHWRHQVXUHWKHYDOLGLW\RIWKHVHOHFWLRQ
FULWHULDDQGGHPRQVWUDWHWKHSRVVLELOLW\RIUHSOLFDWLQJWKHUHVXOWLQJOLVWE\RWKHUUHVHDUFKHUV)LQDOO\WKH
OLQJXLVWLFFODVVLILFDWLRQDQGDQQRWDWLRQSKDVHZDVXQGHUWDNHQWRDQDO\VHWKHOLVWHGLWHPVOLQJXLVWLFDOO\
E\DSSO\LQJ326WDJJLQJDQGFODVVLI\LQJWKHUHILQHGOLVWLWHPVLQWRGLIIHUHQWFDWHJRULHVDFFRUGLQJWR
WKHLUOLQJXLVWLFSURSHUWLHVDQGWRDQQRWDWHWKH)6ZLWKFRUSXVH[DPSOHV)LJXUHVKRZVWKHSURSRVHG
K\EULGPRGHOIRUH[WUDFWLQJDSHGDJRJLFDOOLVWLQJRI)6V 
 
,16(57),*85(+(5( 
)LJXUH'LDJUDPRIWKHSURSRVHGK\EULGPRGHOIRUH[WUDFWLQJDOLVWRI)6V 
 
6WDWLVWLFDOSKDVH 
$VDSUHSURFHVVLQJVWHSWRWKHVWDWLVWLFDOSKDVHDOOXQQHFHVVDU\SDUWLFOHVDQGPLVW\SHGZRUGVZHUH
UHPRYHG IURP WKH WH[W H[WUDFWHG IURP WKH FRUSXV LQ 6NHWFK (QJLQH ,Q DGGLWLRQ RUWKRJUDSKLFDO
QRUPDOLVDWLRQZDVSHUIRUPHGIRULQVWDQFHWKH$UDELF  ? $OHIOHWWHUYDULDWLRQVZHUHQRUPDOLVHGWR
 ?$7KLVSUHSURFHVVLQJSKDVHDVVLVWHGLQUHGXFLQJWKHLQLWLDOOLVWRIFDQGLGDWHV8VLQJWKHQJUDPWRRO
RIWKH6NHWFK(QJLQHZHEVLWHZLWKDIUHTXHQF\WKUHVKROGRISHUPLOOLRQZRUGVDQGDFXWRIISRLQW
RIIRXUIRUWKH0,DVVRFLDWLRQVFRUHWKHVHDUFKUHQGHUHGDOLVWRIQJUDPV7KHGHILQHGVHDUFK
VSDQ LQFOXGHG DOO QJUDPV EHWZHHQ WZR DQG IRXU ZRUGV :H DVVLJQHG WKH PLQLPXP IUHTXHQF\ WR
FRQFHQWUDWH RQ WKH PRVW IUHTXHQW )6V 6HYHUDO VWXGLHV LQ SKUDVHRORJ\ SURYLGH SV\FKROLQJXLVWLF
HYLGHQFH WKDW D FRRFFXUUHQFH RI ZRUGV ZLWK D PLQLPXP 0, VFRUH RI  FDQ EH FRQVLGHUHG DV D
FROORFDWLRQ&KXUFK	+DQNV6WXEEV7KHQJUDPVZHUHWKHQUDQNHGLQGHVFHQGLQJRUGHU
E\IUHTXHQF\DQGDQQRWDWHGZLWKWKHDVVRFLDWLRQPHDVXUHVFRUHV 
 
4XDOLWDWLYHSKDVH 
7KLVZDVWKHPRVWWLPHFRQVXPLQJVWDJHLQGHYHORSLQJWKH$U)6VOLVWEXWHVVHQWLDOVLQFHWKHREMHFWLYH
ZDVWRDUULYHDWDPHDQLQJIXODQGSHGDJRJLFDOO\UHOHYDQWOLVW7KHXVHRIFRPSXWDWLRQDOWHFKQLTXHVLQ
WKHSURFHVVRIILQGLQJTXDOLWDWLYHFULWHULDPLJKWOHDGWRDQLQDGHTXDWHOLVWLQJ+HQFHWKHVWXG\KDGWR
UHO\RQPDQXDOSURFHVVLQJDWWKLVVWDJH)LUVWO\LQWKHOLJKWRIWKHHVWDEOLVKHGVHOHFWLRQDQGH[FOXVLRQ
FULWHULDDQXPEHURIOLVWLWHPVZHUHPDQXDOO\UHPRYHGIURPWKHLQLWLDOOLVWLQJDVDSUHSURFHVVLQJVWHS
WRWKHTXDOLWDWLYHSKDVH7KHIROORZLQJDUHUHDVRQVIRUUHPRYLQJLWHPVIURPWKHSULPLWLYHOLVWRI)6V 
 
i. 7KHSKUDVHLQYROYHGDQDEEUHYLDWLRQDSURSHUQRXQDQGQXPEHUV 
ii. 'LDOHFWLFDO$UDELFZRUGVRUH[SUHVVLRQVZHUHUHPRYHGLQWKHOLJKWRIWKHIDFWWKDWWKLVOLVW
FRQFHQWUDWHGRQO\RQFODVVLFDODQGVWDQGDUGPRGHUQ$U)6V 
iii. ,WHPVDSSHDUHGRQWKHOLVWLQJPRUHWKDQRQFHEHFDXVHRIYDULDQWVSHOOLQJVWKHLUIUHTXHQF\
ZDVDGGHGWRWKHFRUUHFWVSHOOLQJSKUDVH 
iv. 7KHSKUDVHVZHUHPHDQLQJOHVVVXFKDVZRUGVHTXHQFHVWKDWFRQVLVWHGPHUHO\RIDUWLFOHVRU
SUHSRVLWLRQV 
v. 1DPHGHQWLW\FRQVWUXFWLRQVQDPHVDUHJHQHUDOO\QRWLQFOXGHGLQJHQHUDOODQJXDJH)6OLVWV 
vi. 5HGXQGDQF\LWHPVDSSHDUHGLQDQGRUJUDPZRUGVHTXHQFHVZLWKOLWWOHYDULDWLRQ 
vii. 7UDQVSDUHQF\LWHPVIRUZLWKWKHPHDQLQJZDVGLUHFWO\GHULYHGIURPWKHLUFRPSRQHQWZRUGV
DQGZKLFKGLGQRWPHHWDQ\RWKHULQFOXVLRQFULWHULD 
 
2QFHWKLVSUHSURFHVVLQJVWHSKDGEHHQFRPSOHWHGDOLVWRIWKHPRVWGLVWLQFWLYHO\DQGPHDQLQJIXO)6V
ZDVGHYHORSHGFRPSULVLQJVWDWLVWLFDOO\UDQNHGLWHPV7KHPDLQTXDOLWDWLYHDQDO\VLVVWHSLQYROYHG
FDUHIXOO\JRLQJWKURXJKWKHHQWLUHVHWRIQJUDPZRUGVHTXHQFHVRQHE\RQHWRDSSO\WKHTXDOLWDWLYH
FULWHULD$Q\QJUDPZKLFKPHWDWOHDVWRQHRIWKHSUHGHILQHGFULWHULDZDVLQFOXGHGLQWKH$U)6VOLVW
2Q VHYHUDO RFFDVLRQV LW ZDV QHFHVVDU\ WR FRQVXOW WKH FRUSXV FRQFRUGDQFH DQG D QXPEHU RI$UDELF
GLFWLRQDULHVWRLQYHVWLJDWHLQGHSWKWKHPHDQLQJRIWKH)6VLQYDULRXVFRQWH[WV)RULQVWDQFHWKHSKUDVH
ZDITƗOD³DFFRUGLQJWR´GLGQRWVHHPWREHIRUPXODLFDWILUVWJODQFHEXWGHHSHUFRQVLGHUDWLRQRILWV
PHDQLQJLQDGLIIHUHQWFRQWH[W\LHOGHGDQLGLRPDWLFUHVXOW$QRWKHUSKUDVHEDPƗҴDQ³VRWKDW´VHHPHG
WREHPHDQLQJOHVVEXWZKHQFRQVXOWLQJWKHFRUSXVFRQFRUGDQFHLWVPHDQLQJEHFDPHFOHDU:KHQWKLV
SURFHVVKDGEHHQILQLVKHGDOLVWRIVWDWLVWLFDOO\DQGTXDOLWDWLYHO\ILOWHUHGQJUDPVZDVFUHDWHGLQYROYLQJ
UHPDLQLQJLWHPVRI)6V 
 $IWHU WKH OLVW LWHPV XQGHUZHQW WKH TXDOLWDWLYH ILOWHULQJ D YDOLGDWLRQ UDWLQJ H[HUFLVH ZDV
FRQGXFWHGWRMXGJHZKHWKHUWKHVHOHFWLRQRITXDOLWDWLYHFULWHULDFRXOGEHDSSOLHGE\RWKHUUHVHDUFKHUV
7KHLQLWLDOOLVWFRQVLVWHGRIPRUHWKDQLWHPVZKLFKLVDYHU\ODUJHQXPEHUIRUDIXOOYDOLGDWLRQ
H[HUFLVH WKHUHIRUHDUDQGRPVDPSOHRIQJUDPZRUGVHTXHQFHVZDVH[WUDFWHG7KHILUVWQ
JUDPVZHUHXVHGDVDWUDLQLQJVDPSOHEHIRUHWKHFRQGXFWRIWKHDFWXDOUDWLQJH[HUFLVHRQQJUDPV
7DEOHVKRZVWKHWDVNVHWIRUWKHYDOLGDWLRQH[HUFLVH 
 
7DEOH7KHWDVNIRUWKHYDOLGDWLRQH[HUFLVH 
7LFNDOOWKHSKUDVHVWKDWPDWFKWKHTXDOLWDWLYHFULWHULD 
 8VH WKH FRUSXV FRQFRUGDQFH WRRO RUDQG$UDELF GLFWLRQDULHV LI \RX QHHG WR XQGHUVWDQG WKH
PHDQLQJRIDQ\QJUDPLWHPV 
,I\RXDUHKHVLWDQW\RXFDQPDNHQRWHVDERXWWKHKHVLWDWLRQLQWKHFRPPHQWFROXPQ 
1X )6V )UHT <HV 1R &RPPHQWV 
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7KH LQGHSHQGHQW DVVHVVRU IRU WKLVH[HUFLVHZDV D3K' UHVHDUFKHU LQDSSOLHG OLQJXLVWLFVZLWK UREXVW
H[SHULHQFHRIWHDFKLQJ$UDELFDVDVHFRQGODQJXDJHDQGWKHGHYHORSPHQWRIODQJXDJHOHDUQLQJDQG
WHDFKLQJPDWHULDOV7RHQVXUHWKHMXGJH¶VIDPLOLDULW\ZLWK)6UHVHDUFKSULRUWRWKHDVVHVVPHQWSURFHVV
KHZDVLQWURGXFHGWRWKHNH\UHVHDUFKLQ)6VDORQJZLWKDQLQIRUPDWLYHGHWDLOHGGLVFXVVLRQVHVVLRQ
DERXWWKHFRQFHSWDQGWKHVHOHFWLRQFULWHULDRI)6V7KHDVVHVVRUZDVWKHQSUHVHQWHGZLWKDGHWDLOHG
ZULWWHQGRFXPHQWWKDWRXWOLQHGWKHVFRSHDQGREMHFWLYHVRIWKHUHVHDUFKLQJHQHUDODQGJDYHVSHFLDO
H[SODQDWLRQVDERXWWKHTXDOLWDWLYHVHOHFWLRQFULWHULDDQGWKHSURFHVVRIDSSO\LQJWKHVHFULWHULDE\WKH
UHVHDUFKHU7KHQ WKHDVVHVVRUZDVDVNHGWRFDUHIXOO\UHDGWKHZKROHVHWRIQJUDPVOLQHE\OLQH WR
VHOHFWDQ\QJUDPZRUGVHTXHQFHVWKDWPHWDWOHDVWRQHRIWKHTXDOLWDWLYHVHOHFWLRQFULWHULD,QFDVHRI
XQFHUWDLQW\DERXWDQ\OLVWLWHPVWKHDVVHVVRUZDVWROGWRFRQVXOWWKHFRUSXVFRQFRUGDQFHRU$UDELF
GLFWLRQDU\DQGWRZULWHDQRWHDERXWKLVFKRLFH 
 
/LQJXLVWLFDQDO\VLVDQGFODVVLILFDWLRQSKDVH 
7KLVSKDVHPDLQO\FRQFHQWUDWHGRQOLQJXLVWLFDQDO\VLVRIRXUOLVWLWHPVDWYDULRXVOHYHOV2QO\VKDOORZ
PRUSKRORJLFDOVWUXFWXUDODQGVHPDQWLFDQDO\VHVZHUHFRYHUHGLQWKLVSKDVHPRUHDGYDQFHGOLQJXLVWLFV
DQDO\VHVVXFKDVV\QWDFWLFOH[LFRJUDSKLFDQGSUDJPDWLFZLOOEHFRQVLGHUHGLQXSFRPLQJUHVHDUFK2XU
FODVVLILFDWLRQV ZHUH FRQVLVWHQW ZLWK SUHYLRXV VWXGLHV RQ$UDELF 0:(V HJ +DZZDUL HW DO 
0HJKDZU\HWDO,QWKHILUVWVWHSWKHDXWRPDWLF0$'$0,5$326WDJJHU3DVKDHWDO
ZDVDSSOLHGWRDOOOLVWFDQGLGDWHVWRFODVVLI\WKHPLQWR326VWUXFWXUDOSDWWHUQFDWHJRULHV 
7KHQZHH[DPLQHGWKHOHYHORI$U)6VFRPSRVLWLRQDOLW\7KHH[WUDFWHG)6VYDULHGLQWKHLUGHJUHH
RILGLRPDWLFLW\WKLVPHDQVWKDWWKHPHDQLQJRIWKH)6VYDULHGLQLWVUHODWLRQWRWKHSKUDVHFRPSRQHQW
SDUWVVRPHSKUDVHVFDQEHHDVLO\XQGHUVWRRGLI\RXNQRZWKHPHDQLQJRILWVFRPSRQHQWSDUWVZKLOH
RWKHUV KDYH D GLIIHUHQW PHDQLQJ WKDW LV LUUHOHYDQW WR LWV FRPSRQHQW SDUWV 0HO¶üXN  SUHVHQWV
VHPDQWLFFODVVLILFDWLRQVRISKUDVHVZLWKUHJDUGWRWKHLUGHJUHHRILGLRPDWLFLW\WKHILUVWFDWHJRU\LVµIXOO
SKUDVHPHV¶LHWKHPHDQLQJRIWKHSKUDVHFDQQRWEHGHULYHGIURPLWVFRPSRQHQWSDUWV7KHVHFRQG
RQHLVµVHPLSKUDVHPHV¶LHWKHPHDQLQJRIWKHSKUDVHPDWFKHVWKHPHDQLQJRILWVFRPSRQHQWSDUWV
EXW LWKDVDQDGGLWLRQDOPHDQLQJZKLFK LVQRW UHODWHG WR LWVFRPSRQHQWSDUWV7KH WKLUGFDWHJRU\ LV
µTXDVLSKUDVHPHV¶KHUHWKHPHDQLQJRIWKHH[SUHVVLRQLVGHULYHGGLUHFWO\IURPRQHSDUWRIWKHSKUDVH
DQGSDUWLDOO\RULQGLUHFWO\GHULYHGIURPWKHRWKHURQH7KHVHVHPDQWLFRSDFLW\FODVVLILFDWLRQVFDQEH
DGRSWHGLQRXUVWXG\+HQFHWKH$U)6VLQWKLVVWXG\ZHUHFODVVLILHGLQWRWKUHHPDLQFDWHJRULHVIXOO
SKUDVHPHVVHPLSKUDVHPHVDQGTXDVLSKUDVHPHV 
7KHODVWVWHSRIWKLVVWDJHZDVUHODWHGWRH[WUDFWLQJDFRUSXVEDVHGH[DPSOHRIHDFKSKUDVH
ZKLFK UHSUHVHQWHG WKH DFWXDO XVH DQG FRQWH[W RI WKH$U)6V7KLV VWHS ZDV WDUJHWHG WR HQKDQFH WKH
SHGDJRJLFDO DSSOLFDWLRQV RI WKLV OLVW  )RU HDFK QJUDP D UDQGRP OLVW RI FRQFRUGDQFH OLQHV ZDV
JHQHUDWHGDQG WKH UHVHDUFKHUYHU\FDUHIXOO\ UHDGDOO WKHFRQFRUGDQFH OLQHV WRGLVFRYHU WKH LQGHSWK
PHDQLQJRIHDFKH[SUHVVLRQDQGWKHQFODVVLILHGWKHPLQWRFDWHJRULHVDFFRUGLQJWRWKHLUPHDQLQJVLQ
GLIIHUHQWFRQWH[WV7KHPRVWIUHTXHQWPHDQLQJZDVWKHQDGGHGWRWKH)6VOLVWDVDJRRGH[DPSOHRI
HDFKH[SUHVVLRQ 
 
 
5HVXOWVDQGGLVFXVVLRQ 
 
,QWKHVWDWLVWLFDOSKDVHZHH[WUDFWHGDVHWRIQJUDPVIURPRXUFRUSXVZLWKDIUHTXHQF\DERYH
SHUPLOOLRQZRUGVDQGDQ0,VFRUHDERYH7DEOHVKRZVH[DPSOHVRIWKHKLJKIUHTXHQF\JUDPV 
7DEOH6DPSOHRIWKHLQLWLDOXQHGLWHGJUDPVOLVWGHULYHGIURP/$:& 
Bigram 
 
Raw Freq Association Measures 
Translation MI log likelihood 
 ? �? ?EDãNO ,QDPDQQHU 68,964 5,182 451,430 
 ? ć ? ? šPDQۘDOƗO 7KURXJK 59,900 4,507 289,756 
 ? ? ” ?basbb  %HFDXVH 49,771 5,071 329,927 
 ? ? ” ? �? ?EƗOQVED )RU 47,091 5,407 341,640 
 ? ? 茀  ? šPDQҴDMO  ,QRUGHUWR 37,889 5,378 263,642 
 ? ć ? ? 贀  ? ? ? “ ?ZDVƗҴLODOҴLҵOƗP  7KHPHGLD 59,98 11,250 86,598 
 ? ? ? ? 贀  ? ? ? “VDEƯODOPDܔƗO  )RUH[DPSOH 9,452 12,252 156,386 
 ? š ? ? ? �? ? ? ?\DZPDOTD\ƗPD  7KH'D\RI-XGJHPHQW 8,323 10,299 113,011 
 
,Q WKHTXDOLWDWLYHSKDVH WKHQJUDPVZHUH ILUVWH[DPLQHG WR UHPRYHDEEUHYLDWLRQVQXPEHUV
GLDOHFWZRUGVYDULDQWVSHOOLQJVPHDQLQJOHVVIXQFWLRQZRUGRQO\VHTXHQFHVQDPHVUHGXQGDQWQJUDP
VXEVHTXHQFHV DQG FOHDUO\ WUDQVSDUHQW ZRUGFRPELQDWLRQV WKLV PDQXDO ILOWHULQJ UHPRYHG 
FDQGLGDWHVOHDYLQJQJUDPV7DEOHVKRZVH[DPSOHVRIWKHSKUDVHVDQGWKHUHDVRQVZK\WKH\
ZHUHGHOHWHGIURPWKHLQLWLDOOLVWRIQJUDPV 
7DEOH([DPSOHVRIH[FOXGHG)6VZLWKWKHUHDVRQVIRUWKHLUH[FOXVLRQ 
Excluded expression Reason 
 ? ? ? ? ’ š, PDãҵƗ\] ³I do not want´  Dialecticallanguage  
 ? ? ? �? ? �? ? ? ? ? ?, alۊDUEDOҵƗOP\D ³World war´  Proper noun  
 ? ? ? ? �? ? ? ?, haڴh alfakra ³this idea´ Transparency 
 ? š ? ? ? ? 贀  ? ?, ҵDOƗDUUDƥPPDQ ³Although´  Redundancy  
 
(DFKRIWKHUHPDLQLQJQJUDPVZDVPDQXDOO\DVVHVVHGDJDLQVWWKHIRXUTXDOLWDWLYHFULWHULD
ZHUHMXGJHGWRQRWPHHWDQ\RIWKHIRXUTXDOLWDWLYHFULWHULD7KHILQDOUHVXOWZDVDUHILQHGOLVWRI
$U)6VZKLFKPHWDWOHDVWRQHRIWKHSUHGHWHUPLQHGFULWHULD7KHFULWHULDZHUHYDOLGDWHGLQDQLQWHU
DQQRWDWRUDJUHHPHQWH[HUFLVH,QWKHWUDLQLQJVDPSOHWKHDVVHVVRUVHOHFWHGRXWRILWHPVDQGKH
RQO\PLVVHGWZRRIWKHLWHPVZHMXGJHGDV)6V+RZHYHUKHSRLQWHGRXWLQWKHFRPPHQWFROXPQWKDW
KH GLG QRW NQRZ WKH H[DFW PHDQLQJ RI WKHVH SKUDVHV +HQFH KH ZDV WROG WR FRQVXOW WKH FRUSXV
FRQFRUGDQFHWRFODULI\WKHLUPHDQLQJ2QFHKHUHDOLVHGWKHLUPHDQLQJWKHDVVHVVRUGHFLGHGWRLQFOXGH
WKHPZLWKWKHVHOHFWHGLWHPV 
$IWHU ILQLVKLQJWKHH[HUFLVH WKHDVVHVVRUUHSRUWHGWKDW WKHTXDOLWDWLYHVHOHFWLRQFULWHULDZHUH
YHU\FOHDUWKDWKHXVXDOO\KDGQRWWDNHQDORQJWLPHWRGHFLGHZKHWKHUWRLQFOXGHRUH[FOXGHWKHOLVW
LWHPV+HDOVRDGGHGWKDWWKHH[FOXGLQJFULWHULDSURYLGHGZHUHYHU\EHQHILFLDOLQWKHH[FOXGLQJRIPDQ\
QJUDPFOXVWHUV7KHDVVHVVRUPLVVHGRQO\)6VLQWKHWHVWVDPSOHRIQJUDPV7KHLQWHUUDWHU
UHOLDELOLW\ ZDV KLJK RYHUDOO WKH JROG VWDQGDUG DQG DVVHVVRU ZHUH  LQ DJUHHPHQW 7KLV LV DQ
HQFRXUDJLQJLQWHUUDWHUUHOLDELOLW\UHVXOWZKLFKGHPRQVWUDWHGWKHUHSURGXFLELOLW\RIRXUUHVXOWLQJOLVW
7KHKLJKDJUHHPHQWLVSUREDEO\QRWVXUSULVLQJDVWKHVHOHFWLRQDQGWKHH[FOXGLQJFULWHULDZHUHFDUHIXOO\
DQGFOHDUO\GHILQHG 
,QWKHOLQJXLVWLFDQDO\VLVDQGFODVVLILFDWLRQSKDVHZHHQULFKHGWKHILQDOOH[LFDOUHVRXUFHRI$U)6V
E\DGGLQJOLQJXLVWLFFODVVLILFDWLRQDQGFRUSXVH[DPSOHV7DEOHVKRZVH[DPSOHVRI$U)6VZLWK326
WDJVIURPWKH0$'$0,5$326WDJVHW5HJDUGLQJ$U)6VVWUXFWXUHVWKHOLVWLWHPVDSSHDUHGWREHORQJ
WRZHOONQRZQVWUXFWXUDOSDWWHUQVRI$UDELF0:(V7DEOH  VKRZV WKH VWUXFWXUDO FDWHJRULHVRIRXU
$U)6V OLVW7KH FODVVLILFDWLRQ RI$U)6V E\ OHYHO RI FRPSRVLWLRQDOLW\ LV LOOXVWUDWHG LQ7DEOH $V D
SUDFWLFDO DGGLWLRQ WR WKH UHVRXUFH HDFK$U)6ZDV DQQRWDWHGZLWK D UHSUHVHQWDWLYHFRUSXVH[DPSOH
7DEOHVKRZVVHYHUDO)6VZLWKWKHLUFRUSXVEDVHGH[DPSOHV 
 
7DEOH)6VH[DPSOHVZLWKWKHLU3267DJV 
326 ([DPSOH 
1RXQV ˰ ?˱ ? ? ? ?QDڸUDQOD 
$GMHFWLYHV ˰ ? ? ? ? ? šPDWҵOTDED 
$GYHUEV  ? ? ? ? ? ? KDQƗZDKQƗN 
9HUEV  ? ? 蜀  ? ? ? ?\DҴGƯҴLOƗ 
3DUWLFOHV  ? ? ?OƗEG 
3UHSRVLWLRQV  ? ? ? ? �? ? ? ? ? ? ?IƯҴLܒƗUDOZD܈ǌO 
&RQMXQFWLRQV  ? ? ? ? �?˰ ? ?ZEB$OW$O\ 
,QWHUMHFWLRQV (? ? ? ? ? “VE+$Q$OOK 
 
7DEOH([DPSOHVRI6WUXFWXUDOSDWWHUQVRI$UDELF)6V 
Structure Example Translation  
preposition + noun  ? ? “ ? ? ? ?, EDPQƗVED %\WKHZD\ 
noun +preposition  ? ? ? ? ˱? , UDGDQޏDOƗ ,QHVSRQVHWR 
preposition + nounnoun  ? ? ? ? �? ? ? ? ? ? ? ?, IƯQDKƗ\D
alma&?ƗI 
(YHQWXDOO\ 
Interjections + noun (? ? ? ? ? “, sab&?ƗQ$OODK *ORU\EHWR$OODK 
Conjunctions + preposition +noun  ? ? ? ? �? ? ?, ZDEƗOWƗOƯ 7KXV 
preposition + adjective + noun  ? ? ? ? ? 贀  ? ? ? ? ?, IƯEDޏ&? 
DOގD&?\ƗQ 
6RPHWLPHV 
Verb + noun  (? ý ? ? ?, ra&?mh Allah  0D\$OODKKDYHPHUF\RQKLP 
preposition + Pronouns +noun 
+conjunction + noun 
 ? ć ” �? ? ? ć ? ? 贀  ý ? ?, ޏDOƯK
a&?&?DOƗZDVVDOƗP 
3HDFHDQGPHUF\EHXSRQKLP 
Adjective +Pronouns  ? š ? ? �? ?, ƥƗOEƗPƗ 2IWHQ 
noun +conjunction  ? 茀  ? ? ?, UDƥPގDQ 7KRXJK 
Prepositionadjective  ? ? ? ? ? �? ? š, man a&谉谀aUǌUƯ ,WLVQHFHVVDU\ 
Adjective Preposition ˰ ? ? ? ? ? š, martb&? ba  /LQNHGWR 
Adverb conjunction Adverb  ? ? ? ? ? ? ? ?, KDQƗZDKQƗ +HUHDQGWKHUH 
Noun + noun   ? ? ? �? ? 贃…, &踁?WD&?&?ala 5HODWHGWR 
Conjunction Particle noun  ? ? ? “ ? ?, ZDOƗVƯPƗ ,QSDUWLFXODU 
 
7DEOH6HPDQWLFFRPSRVLWLRQDOLW\RSDFLW\OHYHOVRIWKH)6V 
Semantic degree Example 
Full phrasemes  ? ? ? �? ?, EƗOܒEҵ  ³of course´  
Semi-phrasemes  ? š ? ? ? ? ?, ҴLOƗۊDGPƗ  ³to somewhat´ 
Quasi-phrasemes   ? ? ? ? ? ? ? 贀  ? ? “ ? ? ” �? DVVD\ƗVDDOۘƗUM\D ³Foreign policy´ 
 
7DEOH6HYHUDO)6VZLWKWKHLUFRUSXVEDVHGH[DPSOHV 
FSs Sentence Example Translation 
 ? š ? ? ? �贀  ? ?, ҵDOƗDUUDƥP
man (µµDOWKRXJK¶¶) 
 ? ? ? “ ? “ ? 贀  ? ? ? �? ? ? ? ? 茀  ? š ? ? ?
 ? ? ? ? ? ? ? 贃? ? 찃? 贀  ? ? ? ? š ? ? ? �贀  ? ?
 ? ? �? 
+HZDVDPDMRUILOP
VRPHSLWIDOOVLQGHVSLWHKHUR
LPLWDWLQJWKHGLDOHFW
 ? ? ? ? ? �贀  ? ? ?,EDƥڲ 
annaڸUҵDQ
(³regardless¶¶) 
 ? 贃? ? ? �  ? ? ? �贀  ? ? ? 茀  ? ? ? 찃? �?
 ? 퀃? ? ? ? ? ? 贀  ? ? ? ? ? ? ? ? ? ? ? ? ?
 ? 茀  ? ? ? ? ? �  ? ? ? ? ? ? š ? ? ? ? ? ? ? ? �?
 ? ? ? ? ? ? ? ? 
3URORQJHGH[SRVXUHWRVXQOLJKW
LVDWKUHDWWRDOODJHVUHJDUGOHVV
RIZKHWKHUWKH\DUHH[SRVHGWR
DQLQIDQWDFKLOGRUD\RXQJ
SHUVRQ 
 ? �? ? �? ? ?,ZDEƗOWƗOƯ 
³therefore´ 
 ? š ? ? “ ? ? ? ? ? ? ? ? ? ? ? ? ? ? ?
ˬ ? ? ? ? ? ? ? ? �蜀  ? ? ? ? ? ? ? ? �贀  ? 찃? �?
 ? ? ? ? ? 蜀  ? ? ? ? ? ? ? ? �贀  ? ? ? �贀  ? ? ? ? �? ? �? ? ?
 ? ? ? ? 
(DWLQJKHDOWK\IRRGZLWKDFWLYH
OLIVW\OHOHDGVWRJRRGKHDOWK
WKHUHIRUWKLVOHDGVXOWLPLWO\WR
JRRGDSSHWLWH 
 ? ? ? ? 贀  ? ? ? “ ? ?, ҵDOƗVDEƯO
almaܔƗO(³for example´ 
 ? ? ? ? �? ? ? �贀  ? ? �? ? 茀  ? ? ?
 ý ? š ? ? ? ? ć ? ? ? ? 贀  ? ? ? ? ? ” ? ? ć “ ? ?
 ? ? ? ? �? ? ? ? ? ? ? ? ? ? 贀  ? ? ? ? ? ? 贀  ? ? ? “ ? ?
 ? �  ? ? ? ? �贀  ? ? ? ” �贀  ý ? ? ? ? š ?  ?  
7KHGXWLHVLQ,VODPPXVWEH
DFFRUGLQJWRWKHFDSDFLW\RIWKH
WD[SD\HUIRUH[DPSOHRQO\WZR
DQGDKDOISHUFHQWRIKLVQHW
DQQXDOSURILWLVUHTXLUHGDVD
=DNDK 
 
7KHK\EULGPRGHO DGRSWHG LQ WKLV UHVHDUFK HQDEOHGXV WR WDNH DGYDQWDJH RI DXWRPDWLF DQGPDQXDO
H[WUDFWLRQRI)6VWKDWUHVXOWHGLQWKHGHYHORSPHQWRIPHDQLQJIXODQGPDQXDOO\YDOLGDWHGOLVWLWHPVWKDW
FDQEHXVHGLQGLIIHUHQWSHGDJRJLFDODQG1/3WDVNV7RIDFLOLWDWHWKHXVDELOLW\DQGDFFHVVLELOLW\IRUWKH
HQGXVHUVRI WKLV UHVRXUFHSDUWLFXODUO\ IRU ODQJXDJH OHDUQHUVDQG WHDFKHUVVHQWHQFHH[DPSOHVZHUH
SURYLGHGIRUHDFKOLVWLWHP 
,QWHUPVRIWKHOLQJXLVWLFVSURFHVVLQJVWDJHWKHRYHUDOOUHVXOWVRIWKH326DQDO\VLVVKRZHG
WKDWPRVWRIWKH)6VWKDWPHWWKHVHOHFWLRQFULWHULDZHUHSKUDVHVWKDWEHJDQZLWKSUHSRVLWLRQV)LJXUH
LOOXVWUDWHVWKHRYHUDOOUHVXOWIRU$U)6V 
,16(57),*85(+(5( 
)LJXUH)6VOLVWGLVWULEXWLRQE\WKH326RIWKHKHDGZRUG 
+RZHYHUWKLVGRPLQDQFHRISUHSRVLWLRQDOSKUDVHVLQWKHH[WUDFWHG)6VOLVWPLJKWEHGXHWRWKHIRFXV
RQWKHPRVWIUHTXHQWO\RFFXUULQJQJUDPVLQRXUPHWKRG7KHODUJHQXPEHURISUHSRVLWLRQDOSKUDVHV
GHPRQVWUDWHVWKHNH\UROHRIWKLVNLQGRISKUDVHLQHYHU\GD\ODQJXDJHXVHVRWKLVLQLWLDOUHVXOWLQGLFDWHV
WKH QHHG IRU D VSHFLDO FRQVLGHUDWLRQ RI SUHSRVLWLRQDO$U)6V LQ IXUWKHU H[SHULPHQWV 3UHSRVLWLRQDO
SKUDVHVDUHYHU\LPSRUWDQWLQ1/3DQGVHFRQG/3EHFDXVHWKH\DUHFRQVLGHUHGDVKLJKO\DPELJXRXV
DQGGLIILFXOWLQODQJXDJHSURFHVVLQJDQGOHDUQLQJWDVNV 
7KHVHPDQWLFDQDO\VLVRI WKH)6VHQKDQFHVWKHXWLOLW\RI WKHH[WUDFWHG$U)6OLVW LQGLIIHUHQW
SUDFWLFDO1/3WDVNVIRU LQVWDQFHNQRZLQJWKHGHJUHHRILGLRPDWLFLW\RIWKHSKUDVHFDQEHRIJUHDW
EHQHILWLQLQFUHDVLQJWKHSUHFLVLRQDQGUREXVWQHVVZKHQWU\LQJWRLQWHJUDWHWKLVOLVWLQWRDQ1/3V\VWHP
.QRZLQJWKHQRQFRPSRVLWLRQDO)6VHQDEOHVDQ1/3V\VWHPGHYHORSHUWRWUHDWWKHPDVDVLQJOHZRUG
ZKLFKXOWLPDWHO\LQFUHDVHVWKHRYHUDOODFFXUDF\RI1/3V\VWHPRXWSXW,QDGGLWLRQWKHVHNLQGVRI)6V
DUHXVXDOO\FRQVLGHUHGDVWKHPRVWGLIILFXOWSKUDVHVWROHDUQIRUQRQQDWLYHVSHDNHUOHDUQHUVRI$UDELF
+HQFHWKHFRQFHQWUDWLRQRQWKLVNLQGRI)6LQWKHGHVLJQRIOHDUQLQJDQGWHDFKLQJPDWHULDOVZLOOKDYH
DSRVLWLYHLPSDFWRQDFFHOHUDWLQJWKHSURFHVVRIVHFRQGODQJXDJHDFTXLVLWLRQ 
 
 
&RQFOXVLRQV 
 
7KLVSDSHUKDVGHVFULEHGDPHWKRGLFDODSSURDFKWRGHYHORSDOLVWRI$U)6VIRUXVHLQ1/3DQG/37R
HQVXUHWKHTXDOLW\RIWKHOLVWLWHPVWKHK\EULGPRGHOZDVDSSOLHGLQWKHSURFHVVRIH[WUDFWLQJ$U)6V
IURPDODUJHFRUSXV7KLVPHWKRGRORJ\HQDEOHGXVWRJREH\RQGDVROHO\DXWRPDWHGH[WUDFWLRQSURFHVV
WKDWZRXOGRQO\H[WUDFW)6VRIOLPLWHGYDOXHLQ1/3DQG/37KHGLIIHUHQWOHYHOVRIDQDO\VLVWKDWWKH
)6VXQGHUZHQWFRQWULEXWHGWRWKHLGHQWLILFDWLRQRIYDOXDEOH)6VWKDWFDQEHRIJUHDWEHQHILWIRU1/3
DQGQRQQDWLYHVSHDNHUOHDUQHUV 
7KHPHWKRGRORJ\LQRXUUHVHDUFKLVQRWZLWKRXWOLPLWDWLRQVLQFOXGLQJWKHXVHRIRQO\WZRH[SHUW
$UDELFOLQJXLVWVLQWKHSURFHGXUHVRIDSSO\LQJWKHTXDOLWDWLYHFULWHULDDQGLQWKHUHOLDQFHRQDUDZWH[W
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$SSHQGL[7KH*HUPDQVWDQGDUG',1IRUUHQGHULQJURPDQL]HG$UDELF 
Original Arabic letter DIN 31635 
 ? '? 
 ? b 
 ? t 
 ? &? 
 ? ۜ 
 ? &? 
 ? &? 
 ? d 
 ? d 
 ? r 
 ? z 
 ?  s 
 ?  ã 
 ?  &? 
 ?  &? 
 ? &? 
 ? ') 
 ? '? 
 ? ƥ 
 ? f 
 ? q 
 ? k 
 ? l 
 ? m 
 ? n 
˰ ? h 
 ? w 
 ? y 
˴(? (short vowel) a 
˵(? (short vowel) u 
˶(? (short vowel) i 
 ? (long vowel) Ɨ 
 ? (long vowel) ǌ 
 ? (long vowel) Ư 
 
$GGUHVVIRUFRUUHVSRQGHQFH 
$\PDQ$OJKDPGL 
$UDELF/DQJXDJH,QVWLWXWH 
8PP$O4XUD8QLYHUVLW\ 
6DXGL$UDELD 
DDPDQVRRUL#XTXHGXVD 
 
&RDXWKRULQIRUPDWLRQ 
(ULF$WZHOO 
6FKRRORI&RPSXWLQJ 
8QLYHUVLW\RI/HHGV 
HVDWZHOO#OHHGVDFXN 
 
 
 
)LJXUH7LSRIWKHLFHEHUJVKRZVWKHFRPSOH[LW\RISKUDVHVUHODWHGWRWKH$UDELFZRUG
D\Q 
 
 鐃? ? ? ? ? ? ?
D\QXMnUL\DK³$IORZLQJZDWHU´ 
 ? ? ? ? ? ? ? ?
XVLHEDEL
D\Q³7RHQY\VRPHRQH´ 
 ? ? ?ҵD\Q³H\H´ 
 ? ? ? �? ? ? ? ? �?DO
D\QXELO
D\Q³$QH\HIRUDQH\H´ 
 ? ? ? ? �? ? ? ?
D\QXDO\DTLQ³$PDWWHURIIDFW´ 
 ? ? ? ? ?IDUG
D\Q³$QREOLJDWLRQ´ 
 ? ? ? ? ? ? 贀  ? ? ? ? ? ? ?
DNKD]KDEL
D\QLDOL
WLEnU³7DNHLQWRFRQVLGHUDWLRQ´ 
)LJXUH'LDJUDPRIWKHSURSRVHGK\EULGPRGHOIRUH[WUDFWLQJDOLVWRI)6V 
 
 
 
 
 
)LJXUH)6VOLVWGLVWULEXWLRQE\WKH326RIWKHKHDGZRUG 
 
 
Raw Arabic corpus Pre-processing phase  
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2-Qualitative phase: 
- Applying qualitative 
criteria 
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